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0 Logic interface circuits. 

0 A logic interface circuit for recovering phase and 
data information from EGL differential input signals 
of the NRZI type having distorted duty cycles caus- 
ed by ECL-to-CMOS translators includes first and 
second ECL-to-CMOS translators (11 » T2), first and 
second delay circuits, and an output logic circuit. 
The first delay circuit is fonmed of a first inverter (II), 
a first delay network (D1). and a first NAND k)gk: 
gate (N1). The second delay network includes a 
second inverter (12), a second delay networtc (02), 
and a second NAND logic gate (N2). The output 
logic circuit is fonned of a third NAND togtc gate. 
The interface circuit generates an output signal 
whicti is in the form of a pulse train whose cycle 
time can be detected for determining the frequency 
information and whose presence or at>senc6 of 
pulses can be detected for determining data in- 
formation. 
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This invention relates generally to logic inter- 
face or conversion circuits and more particularty. it 
relates to a logic interface circuit wfiich recovers 
phase and data from a data/frequency signal hav- 
ing distorted duty cycles caused by an ECL-to- 
CMOS translator. 

As is generally well-known in the art, various 
types of digital logic circuitry are widely used in 
the area of computer data Processing systems in 
different parts of the processing system. In order to 
transfer data from one part of the processing sys- 
tem having one logic type (i.e.. ECL) of integrated 
circuit devices to another part having another logic 
type Q.e., CMOS) of integrated circuit devices, 
there is often required a translation from one logic 
type to the other type since tfiey have different 
switching speeds and the input/output voltages cor- 
responding to high and low logic levels are dif- 
ferent 

For example, bipolar emitter-coupled logic 
(ECL) voltage levels have a small voltage swing 
(about 0.8 volts) and complementary metal-oxide 
semiconductor (CMOS) voltage levels have a larger 
voltage swing (approximately 5.0 volts. Since many 
of these processing systems are designed with 
both ECL and CMOS logic circuits, there are re- 
quired interface circuits such as ECL-to-CMOS 
translators so that these two different types of logic 
circuits will be compatible with each other. In other 
words, the ECL-to-CMOS translators are used to 
shift the level of the ECL input logic signals to a 
level which will be recognized by the CMOS logic 
circuits. 

Unfortunately, because of variations in process 
parameter, power supply, temperature and manu- 
facturing tolerances, such ECL-to-CMOS translators 
that perform the conversion will not, In many cases, 
provide the desired, symmetrical CMOS output sig- 
nal Vouti having equal rise and fall times as shown 
in Figure 1(b). The actual CMOS output signal Vout2 
will t)ecome distorted or non-symmetrical as shown 
in Figure 1(c). When the ECL input signal is in the 
form of ECL differential input signals V|n+ and V|,»- 
of Rgure 1(a). which are used to carry both data 
information and the clock frequency of a system 
refenred to sometimes as a "non-retum-to-zero. in- 
vert-to-one" (NRZI) or data/frequency signal, the 
non-symmetry in the CMOS output signal caused 
by the translator will result in inaccurate detection 
of the dock frequency. 

Accordingly, there are ttas arisen a need in the 
industry to provide a logic interface circuit which 
recovers phase and data from a data/frequency 
signal having distorted duty cycles caused by an 
ECL-to-CMOS translator. TTie k>gk: interface circuit 
of the present invention receives ECL differential 
input signals of the NRZI type and generates an 
output signal which is CMOS compatible so that 



both data and frequency informatton can be easily 
extracted separately. 

Accordingly, it is a general object of the 
present invention to provide a \oq\c interface circuit 
5 which is relatively simple and economical to manu- 
facture and assemble. 

We describe a logic interface circuit which 
recovers phase and data from a data/frequency 
signal having distorted duty cycles caused by an 
10 ECL-to-CMOS translator. 

We descrit)e a logic interface drcuit for receiv- 
ing ECL differential input signals of the NRZI type 
and for generating an output signal which is CMOS 
compatible so that both data and frequency in- 
75 formation can be easily extracted separately. 

We descrit>e a logic interface circuit which is 
fonned of an input stage having first and second 
translators, a first intermediate stage, a second 
intermediate stage, and an output k)gk: stage. 
20 We describe a logic interface circuit for receiv- 
ing ECL differential signals and for generating an 
output signal which is CMOS compatible so that 
both data and frequency information can be easily 
extracted separately. The k>gic interface drcuit in- 
25 dudes a first translator, a second translator, a first 
delay drcuit, a second delay circuit, and an output 
logk: circuit. The first translator is responsive to the 
ECL differential Input signals and generates a first 
CMOS output signal. The second translator is also 
30 responsive to the ECL differential input signals and 
generates a second CMOS output signal which is 
complementary to the first CMOS output signal. 

The first delay circuit is responsive to the first 
CMOS output signal and a first delayed signal for 
35 generating a first pulse-width control signal. The 
second delay circuit is responsive to the second 
CMOS output signal and a second delayed signal 
for generating a second pulse-width control signal. 
The output logic circuit is responsive to the first 
40 and second pulse-width control signals for generat- 
ing the output signal whk:h is in the form of a pulse 
train whose cyde time can be detected for deter- 
mining the frequency infonmation and whose pres^ 
ence or absence of pulses can be detected for 
45 determining data information. 

In the accompanying drawings, by way of ex- 
ample only:- 

Figures 1(a)-1(c) show ECL differential input sig- 
nals, an ideal CMOS output signal, and a dis- 
50 torted CMOS output signal, respectively; 

Rgure 2 is a schematic drcuit diagram of a 
logic interface drcuit. constructed in accordance 
with the principles of the present invention; 
Rgures 3(a) through 3(d) are waveforms at var- 
55 ious points in the circuit of Rgure 2. useful in 
understanding the operation of the present in- 
vention; and 
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Figure 4 is a detailed schematic drcuit diagram 
of an ECL-to-CMOS translator for use in the 
translator T1 or T2 of Rgure 2. 
Referring now in detail to the drawings, there is 
illustrated in Rgure 2 a schematic drcuit diagram 
of a logic interface circuit 10 of the present inven> 
tion for receiving ECL differential input signals and 
for generating an output signal which is CMOS 
compatible so that t)oth data and frequency in- 
formation can t>e easily extracted separately. The 
ECL drfforential input signals V|n+ and V|„. are in 
the form of a "non-retum-to-zero, invert-to-one" 
(NRZI) or data/frequency signal which Canries bc/th 
data information and the clock frequency of the 
system. In other words, the data information is 
considered to be a logic "1" each time the input 
signal V|n+ Q^in-) makes either a transition from a 
low (L) level to a high (H) level (such as at time t1 
in Rgure 3(a)) or from a high (H) level to a low (L) 
level (such as at time tS). Further, the dock fre- 
quency is determined by measuring the time be- 
tween successive logic "Vs" (i.e., between time t3 
and t7 in Rgure 3(d)). 

The logic Interface circuit 10 has first and sec- 
ond input terminals 12 and 14 for receiving the 
respective ECL difforential Input ^nals V|n+ and 
Vin-, as illustrated in Rgure d(a). The input signals 
V|„+ and Vm- have a small voltage swing of ap- 
proximately 800 mV. The togk: interface drcuit 10 
further has an output terminal 16 for producing the 
CMOS output signal Vout in Rgure 3(d) which has a 
foil voltage swing from a lower supply potential at a 
first supply voltage or potential VSS to an upper 
supply potential at a second supply voltage or 
potential VDD. Typically, the lower supply potential 
is 0 volts, and the upper supply potential is at 
approximately +5.0 voHs ±10% for conventional 
CMOS logic. 

The fogic interface circuit 10 includes an input 
stage formed of a first ECL-to-CMOS translator T1 
and a second ECL-to-CMOS translator T2. The 
translators T1 and T2 are klentical and are of a 
conventional design. A detailed schematic drcuit 
diagram of the translator T1 or T2 is shown in 
Rgure 4. The first translator T1 has Its first input 
node ( + ) connected to the first input terminal 12 
for receiving the ECL input signal Vm^ and its 
second input terminal (-) connected to the second 
input terminal 14 for receiving the ECL input signal 
Vin^.The first translator T1 has an output node 
(V+) for generating a first CMOS output signal Vi 
which is depicted in Rgure 3(b). It will be noted 
that the ou4>ut signal Vi is assumed to be distorted 
in which the rise time tr is greater than the fall time 
tf. As prevfously pointed out, this non-symmetry is 
caused by the different characteristics existing in 
the ECL-to-CMOS translator T1. 



Similariy, the second translator T2 has ite first 
input node (+) connected to the second output 
terminal 14 for receiving the ECL input signal Vm- 
and its second input node (-) connected to the first 

5 input tenminal 12 for receiving the ECL input signal 
Vi„+. The second translator T2 has an output node 
(V + ) for generating a second CMOS output signal 
V2 which is shown in Rgure 3(c). As can be seen 
by comparing Rgures 3(b) and 3(c). the second 

10 CMOS output signal V2 is complementary to the 
first CMOS output signal Vi . In other words, when 
the output signal Vi is at the high (H) level the 
output signal V2 will be at the low (L) level and 
vk^^rsa. 

IS The fogic interface drcuit 10 further includes a 
first intenmedlate stege formed of a first Inverter 11 , 
a first delay network D1. and a first NAND logic 
gate N1 and a second intermediate stege formed 
of a second inverter 12. a second delay network D2, 

20 and a second NAND logic gate N2. The first in- 
verter II has its input on line 18 connected to 
receive the first CMOS output signal Vi and has Ite 
output on line 20 fed to a first input of the first 
NAND togic gate N1 . A second input on line 22 of 

25 the logic gate N1 is connected to the output of the 
first delay network D1. The output on line 23 of the 
logic gate N1 is connected to the input of the 
second delay network D2. 

The second inverter 12 has ite input on line 24 

30 connected to receive the second CMOS output 
signal V2 and has Ite output on line 26 fed to a first 
input of the second NAND logic gate N2. A second 
input on line 28 of the logic gate N2 is connected 
to fhe output of the second delay network D2. The 

35 output on line 29 of the logic gate N2 Is connected 
to the Input of the first delay network D1. It should 
be understood that the delay networks D1 and D2 
are of an kfentical construction so as to provide 
equal delay times. Each of the delay networks may 

40 be formed of a pair of conventional Inverters or a 
plurality of even numt>er of Inverters. 

The interface logic drcuit forther includes an 
output stege formed of a third NAND togk: gate N3. 
The logic gate N3 has ite first Input connected also 

45 to the output of the first \oq\c gate N1 and has Ite 
second input connected also to the output of the 
second logic gate N2. The output on line 30 of the 
third logic gate N3 is connected to the output 
terminal 16 for producing the output signal Vout 

50 from which the date information and frequency 
information can be determined or sensed by stan- 
dard circuit elemente (not shown). 

The operation of the logic interface circuit 10 
will now be explained with reference to the 

55 waveform diagrams depicted in Rgures 3(a)-3(d) 
whtoh are usefol in understanding of this invention 
constructed as descrit)ed atx)ve. It will be Initially 
assumed that the ECL input signal V,„+ is at a tow 
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(L) level and that the ECL input signal Vin- is at a 
high (H) level at time tO. as illustrated in Rgure 3- 
(a). As a result, the first CMOS output signal Vi will 
be at the low (L) level and the second CMOS 
output signal V2 will k)e at the high (H) level, as 
shown in respective Rgures 3(b) and 3(c). 

Thus, the output of the inverter 12 will be bw 
which, in turn, causes the output of the second 
logic gate N2 to be high. This high, after a delay 
by the delay network D1, defines a first delayed 
signal and is fed to the second input of the first 
logic gate N1. Since the output of the inverter II is 
also high, this causes the output of the first logic 
gate N1 to be low. This low. after a delay by the 
delay network D2, defines a second delayed signal 
and is fed to the second input of the second k)gic 
gate N2. With the first input of the logic gate N3 
being low, the output signal Vout at the output of 
the third logic gate f^ will be at a high (H) level at 
the time tO. as depicted in Rgure 3(d). 

As can be seen at the time t1 in Rgure 3(a), 
the ECL input signal Vin+ is making a high-to-k>w 
transition and the ECL input signal Vi„- is making a 
low-to-high transition. This indicates a data informa- 
tion conresponding to a \oq\c "1." Since the rise 
time tr is assun^ed to be greater than ttie fall time tf 
the second CMOS output signal V2 will make a 
high-to-k)w transition at time t2 prior to the first 
CMOS output signal Vi making a tow-to-high tran- 
sition at time t3. At the time t3, tfie output of the 
first inverter II will go low causing the output of the 
first logic gate N1 defining a first pulse-width con- 
trol signal to be high. As a result, the output signal 
Vout will go low at this time t3. 

Since the high at the output of ttie first togic 
gate N1 is being delayed by a predetermined 
amount of time in the second delay network D2, 
the first input on line 28 of the second togk: gate 
N2 will remain low until after the predetermined 
amount of time has lapsed and will then go high. 
This high will cause the output of the second togk: 
gate N2 to go low. Consequently, at the time t4 the 
output signal Vout will be reset back to the high (H) 
level. 

Similarly, at ttie time t5 in Rgure 3(a). the ECL 
input signal V|n+ is making a low-to-high transition 
and the ECL input signal Vm- is making a high-to- 
low transition. This indicates again a data informa- 
tion corresponding to a logic "1." The first CMOS 
output signal Vi will make a high-to-tow transition 
at time tS prtor to the second CMOS input signal 
V2 making a tow-to-high transition at time t7 since 
tr > tf. At ttie time t7, the output of the second 
inverter 12 will go low causing the output of tfie 
second logic gate N2 defining a second pulse- 
widtti control signal to be high. As a result, the 
output signal Vout will go tow again at this time t7. 



Since the high at the output of the second togto 
gate N2 is delayed by a predetermined amount of 
time in the first delay network D1. the second input 
on line 22 of the first logto gate N1 will remain low 

5 until after this predetenmlned amount of time has 
lapsed and will then go high. This high will cause 
the output of the first logic gate N1 to go low. 
Consequentiy. at the time t8 the output voltage Vout 
will be reset back to the high level again. 

10 As can be seen at time t9 in Rgure 3(a), the 
ECL input signals V|„+ and V|„- are not changed. 
This indicates a data information corresponding to 
a logic "0." Further, the CMOS output signals Vi 
and V2 will also remain unchanged at the time t9 In 

75 respective Rgures 3(b) and 3(c). Thus, the output 
signal Vout at time tlO in Rgure 3(d) will likewise 
stay high (H). 

Accordingly, it will be noted that the present 
togto Interface circuit 10 detects the cycle time or 

20 phase of the distorted CMOS output signals Vi and 
V2 in spite of their unequal rise and fall times by 
generating a low going edge (high-to-tow transition) 
in the output signal Vout- For example, these low 
going edges are shown at the times t3 and t7 in 

25 Rgure 3(d). The pulse width of the output signal 
Vout is determined by the time duration or delay 
times (i.e., between times t3 and t4) in the delay 
networks D1 and D2. Therefore, by synchronizing 
the low going edges of the output signal Vout with a 

30 conventional timing circuit, such as a phase-locked 
loop (PLL) or a timing ruler, the period between two 
successive low going edges can be measured and 
thus the ctock frequency of the system can be 
easily recovered. Further, by sensing the presence 

35 or absence of the low going edge within sampling 
bit times in the train of pulses in the output signal 
Vout.the data information conresponding to either a 
togic "1" or "0" can be detected. 

From the foregoing detailed description, it can 

40 thus be seen that the present invention provides a 
logic interface circuit for recovering phase and data 
from a data/frequency signal having distorted cycle 
time or phase caused by an ECL-to-CMOS tran- 
slator. The logic interface circuit includes first and 

45 second ECL-to-CMOS translators, first and second 
delay means, and an output logic circuit. The inter- 
face circuit generates an output signal which is 
CMOS compatible so that both data and frequency 
information can be easily extracted separately. 

so While there has been illustrated and described 
what Is at present considered to be a preferred 
embodiment of the present invention, it will be 
understood by those skilled in the art that various 
changes and modifications may be made, and 

55 equivalents may be sut)stituted for elen^nts there- 
of wHhout departing from the true scope of the 
invention. In addition, many modifications may be 
made to adapt a particular situation or material to 
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the teachings of the invention without departing 
from the central scope thereof. Therefore, it is 
intended that this invention not be limited to the 
particular embodiment disclosed as the best mode 
contemplated for canrying out the invention, but 
that the invention will include all embodiments fall- 
ing within the scope of the appended claims. 

Claims 

1- A logic interface circuit for receiving ECL dif- 
ferential signals and for generating an output 
signal which is CMOS compatible so that both 
data and frequency information can be easily 
extracted separately, said interface circuit 
comprising: 

first translator means responsive to the 
ECL differential input signals for generating a 
first CMOS output signal; 

second translator means responsive also 
to the ECL differential input signals for gen- 
erating a second CMOS output signal which is 
complementary to said first CMOS output sig- 
nal; 

first delay means responsive to said first 
CMOS output signal and a first delayed signal 
for generating a first pulse-width control signal; 

second delay means responsive to said 
second CMOS output signal and a second 
delayed signal for generating a secorxf pulse- 
width control signal; and 

output logic means responsive to said first 
and second pulse-width control signals for 
generating the output signal which is in the 
form of a pulse train whose cycle time can be 
detected for determining the frequency infor- 
mation and whose presence or absence of 
pulses can be detected for determining data 
information. 

2. A logic Interface circuit as claimed in Claim 1, 
wherein said first translator means comprises a 
first ECL^CMOS translator (T1). 

3b A logic interface circuit as claimed in Claim 2, 
wtterein said second translator means com- 
prises a second ECL-to-CMOS translator (V2). 

4. A logic interface circuit as claimed in Claim 1 , 
wherein said first delay means is comprised of 
a first inverter (II). a first delay network (D1). 
and a first NAND logic gate (N1). 

5. A logic interface circuit as claimed in Claim 4. 
wherein said second delay means is com- 
prised of a second inverter (12), a second delay 
networic (D2), and a second NAND logic gate 
(N2). 



6. A logic interface circuit as claimed in Claim 5. 
wherein said first NAND logic gate (N1) has its 
first input connected to the output of said first 
inverter (11) and its second input connected to 

5 the output of said first delay networic (D1), said 

second NAND logic gate (N2) having its first 
input connected to the output of said second 
inverter (12) and its second input connected to 
the output of said second delay network (D2), 

10 said first delay network (D1) having its input 

connected to the output of said second NAND 
logic gate (N2) and said second delay network 
(D2) having its input connected to the output of 
said first NAND logic gate (N1). 

T6 

7. A logic interface circuit as claimed in Claim 5, 
wherein said first and second delay networks 
(D1, D2) are each comprised of a pair of 
inverters to provide equal delay times. 

20 

8b A logic interface circuit as claimed in Claim 5. 
wherein said first and second delay networks 
(D1, D2) are each comprised off a plurality of 
even numt)er of inverters to provide equal de- 
25 lay times. 

9. A logic interface circuit as claimed in Claim 5, 
wherein said output logic means is comprised 
of a third NAND logic gate (N3). said third 

30 NAND logic gate (N3) having its first input 

connected to the output of said first NAND 
logic gate (N1) and its second input connected 
to the output of said second NAND logic gate 
(N2). the output of said third NAND kigk: gate 

35 (N3) providing the output signal. 

10. A logic interface circuit as claimed in Claim 1, 
wherein said first and second CMOS output 
signals are non-symmetrical with unequal rise 

40 and fall times. 

11. A logic interface circuit for recovering phase 
and data firom a data/frequency signal having 
distorted duty cycles caused by an ECL-to- 

45 CMOS translator, said interface circuit com- 

prising: 

input stage means responsive to ECL dif- 
ferential input signals for generating a first 
CMOS output signal and a second CMOS out- 
50 put signal which is complementary to said first 

CMOS output signal; 

first intermediate stage means responsive 
to said first CMOS output signal and a first 
delayed signal for generating a first pulse- 
55 widtti control signal; 

second intermediate stage means respon- 
sive to said second CMOS output signal and a 
second delay signal for generating a second 
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pulse-width control signal; and 

.output logic means responsive to said first 
and second pulse-width control signals for 
generating an output signal which is CMOS 
compatible so that both data and frequency 
information can t>e extracted separately. 



19. A logic interface circuit as claimed in Claim 11. 
wherein said first and second CMOS output 
signals are non-symmetrical with unequal rise 
and fall times. 



12. A logic interface circuit as claimed In Claim 11, 
wherein said input stage means is comprised 

of first and second ECL-to-CMOS translators lo 
(T1.T2). 

13. A logic interface circuit as claimed in Claim 12, 
wherein said first intermediate stage means is 
comprised of a first inverter (II), a first delay is 
network (D1), and a first NAND logic gate (N1). 

14. A logic interface drcuit as claimed in Claim 13, 
wherein said second intermediate stage means 

is comprised of a second inverter (12), a sec- 20 
ond delay network (D2), and a second NAND 
logic gate (N2). 

15. A k)gic interface circuit as claimed in Claim 14, 
wherein sakJ first NAND logic gate (N1) has its 2S 
first input connected to the output of said first 
inverter (II) and its second input connected to 

the output of saki first delay network (D1), sakJ 
second NAND togic gate (N2) having its first 
Input connected to the output of saki second so 
inverter (12) and its second input connected to 
the output of said second delay network (D2), 
said first delay network (D1) having its input 
connected to the output of saki second NAND 
logic gate (N2) and sakS second delay network 35 
(D2) having its input connected to the output of 
said first NAND \og\c gate (N1). 

16. A logic interface drcuit as claimed in Claim 15, 
wherein said first and second delay networks 40 
(D1, D2) are each comprised of a pair of 
inverters to provkJe equal delay times. 

17. A k)gic interface drcuit as daimed in Claim 15, 
wherein said first and second delay networks 45 
(D1, D2) are each comprised of a plurality of 
even number of inverters to provide equal de- 
lay times. 

18. A logic interface drcuit as daimed in Qaim 15, 50 
wherein said output logic means is comprised 

of a third NAND \oq\c gate said third 
NAND k)gic gate (N3) having its first input 
connected to the output of said first NAND 
logic gate (N1) and its second input connected 55 
to the output of said second NAND togic gate 
(N2). the output of said third NAND togk; gate 
(N3) providing the output signal. 
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